The aim of this work is to present the complete methodology useful in GWAS analysis with small sample size, where comprehension of interaction between the genotype and phenotype is a main issue. By including all possible models of interaction into the process of model building, we were able to significantly increase the number of candidate polymorphisms and decrease the false discovery ratio.
INTRODUCTION
Every day our body is exposed to different types of radiation, which we can divided into two groups: ionizing radiation (IR) and non-ionizing one (nIR). Because of their high energy, all ionizing radiation cause the DNA damage in cells, while non-ionizing radiation doesn't damage DNA directly, affecting cells in other ways (Wrixon et al., 2004) (UNSCEAR, 2010) . The ionizing radiation is one of the leading treatment of cancer though it causes many sides effects to the patient (Burnet et al., 2006) (NCI, 2012) . People react to IR in different ways, some of them can stand very aggressive radiotherapy, while the others demonstrate high radio-intoxication just after the start of the treatment. This is why investigation of the individual reaction to ionizing radiation is so important to improve the overall health care level, to minimize the cost of the treatment and, what is the most important, to increase the patient comfort.
The reaction to IR is called radiosensitivity, which is defined as individual ability of cells, tissues, organs or organisms to the deal with the harmful effect of ionizing radiation. In 1906, Bergonie and Tribondeau find out that the radiosensitivity of cells is directly proportional to their activity and inversely proportional to the degree of differentiation (Bergoni and Tribondeau, 1906) . Radiosensitivity has been shown to be heritable (Roberts et al., 1999) . The investigation of biomarkers to asses the radiosensitivity is one of the leading problem in radiation biology. The most prominent biomarker is the activity of phosphorylation of histon H2AX, which gives a starting signal to double strand break repair (Taneja et al., 2004) . However, it does not explain the observed diversity of radiosensitivity among patients, and there is still a big demand for search of new biomarkers. Main goal of this study is to demonstrate that proper techniques used to analyse the experimental data might lead to an extra discoveries by significant increase in the number of candidate biomarkers.
One of the way of polymorphism impact investigation is Genome-Wide Association Study (GWAS), which seems to be very efficient in search for genetic background of common diseases or phenomena like radiosensitivity. The first GWAS results were published in 2005 (Klein et al., 2005) . The number of GWAS has been increasing since that, and, as it is stated in National Human Genome Research Institute database, for the day 25th of August 2013 there were 1716 GWAS-based publications, which report 11586 polymorphisms associated with diseases under investigation. The definition of GWAS says that the associated polymorphisms should be searched by genotyping at least 100,000 of them in the possible large population (Hindorff et al., 2009) . In case of binary outcome, the most popular methods to detect and assess the risk alleles are the logistic regression and contin-gency tables (Bush and Moore, 2012) (Kamboh et al., 2012) (Chung et al., 2013) . In case of quantitative trait tests like ANOVA are used. Because of the series of statistical test being performed, correction for multiple testing is necessary (Lin and Lee, 2012) (Pahl and Schafer, 2010) .
In radiosensitivity the most important finding based on GWAS were published by Niu at el, where they show five genes (C13orf34, MALD2L1, PLK4, TPD52, and DEPDC1B) validated by siRNA knockdown experiment (Niu et al., 2010) and by Lin at el. which shows 12 significant polymorphisms related to the response to radiation by using the radiation hybryd network (Lin et al., 2005) .
MATERIALS AND METHODS

Subject
The population under investigation is composed of 44 unrelated Caucasian individuals (uR).
Biological Experiments
Two types of information were collected per each participant. First one was the result of genotyping of 567,096 polymorphisms by Axiom myDesign arrays. Number of genotyped SNPs at each chromosome is presented in Table 1 . The second dataset includes activity of H2AX measured in two experimental conditions: 1) just after the irradiation of 2Gy and 2) in normal conditions. The irradiations were performed at room temperature with an A.G.O. HS X-ray system (Aldermaston, Reading, UK) (output 13 mA, 250 kV peak, 0.5 Gy/min for doses 0.5 4 Gy and 0.2 mA 4.9 mGy/min for doses up to 100 mGy). As the group o cells the Tlymphocyte cultures were prepared using the method described previously (O'Donovan et al., 1995; Finnon et al., 2008) .
Models of Interaction
Three different models of SNP-gene expression interaction were investigated in this study. First of them is a genotype model, where each of the alleles gives independent level of gene expression (see Fig.1a ). There is a special case of such association, called additive model, where each additional copy of the variant allele increases/decreases the response (Fig.1b) . Another interaction model analysed in this study is a dominant one, where single variant allele impacts the gene expression level the same way as double variant allele form (Strachan and Read, 1999) (Fig.1c) . The last model we distinguish is a recessive model, where only two variant alleles have impact on expression profile (Lewis, 2002) (Fig.1e) . 
Statistical Analysis
Since the measurements of H2AX phosphorylation were taken in two experimental conditions, the normalized values of signal induction after IR were calculated with the use of reference genes and all of the analyses were performed at two endpoints: 0Gy and logarithm of fold change (FCH). The normality of signal distribution was verified by Lilliefors test. Homogeneity of variance was checked by Bartlett's test for genotype model, and F test for dominant and recessive models. The parametric tests for equivalence of population mean values were used (ANOVA for genotype, t-test for dominant and recessive models). In the next step, the best interaction model per each polymorphism at every endpoint was chosen with the use of minimum p-value criterion. Per every SNP, the minimum p-value was chosen from the set of three p-values obtained for the analysed models As a set of candidate polymorphisms those with minimum p-value<0.05 were considered. The false discovery ratio was estimated to accompany set of candidate polymorphisms. One can observe that the number of null hypothesis rejections is lower than the expected by chance, which leads to the general acceptance of null hypothesis on normality of signal distribution. While looking at the results of the verification of hypothesis on homogeneity of variances (see table 4), the observed number of hypothesis rejections exceeds the expected by chance, which forces the use of proper parametric tests with correction for unequality of variances. Finally, the hypothesis on population mean value equality was checked, separate analyses were performed for all three models of interactions. The summary of these is presented in table 5.
RESULTS AND DISCUSSION
The criterion of minimal p-value was used to get the final model for particular SNP-endpoint interaction, the results are presented in table 6. In tested his-ton phosphorylation activity majority of SNPs represent dominant or recessive model, and very few (with high FDR) represent genotype interaction. The filtration of candidate SNPs could be done in several ways, some might apply the standard statistical corrections for multiple testing, another might go for candidate SNP validation done with independent sample, the others might validate SNPs by the functional analysis. Due to the limited power of statistical tests, resulting from relatively small sample size, the application of multiple testing correction techniques is not recommended. We do propose to check on their genome location and functional class. Since the nonsynonymous SNPs (nSNP), are the most interesting because they directly affect translated amino-acid protein sequence (Ramensky et al., 2002) , the SNP validation might be done by requiring from candidate SNP to be nSNP. The average number of nonsynonymous SNPs is 1.32% and 1.23% (for 0Gy and FCH endpoints respectively), and the average percentage of polymorphisms in functional regions (intron, exon, nsSNP, UTR etc.) is equal to 41.36% and 41.27% respectively, table 7. 
CONCLUSIONS
The analysis revealed that different models of interaction must be included in the investigation of the genetic background of biological phenomena, especially in the case of studies with limited sample size. Additionaly, looking at allelic frequencies and genotyping results only would limit the findings of the best candidate biomarkers. The presented study demonstrated that it is possible to design the proper statistical analysis strategy even for small sample size decreasing significantly the false discovery rate for the set of candidate SNPs. Due to limited power of statistical tests applied, validation of candidate SNPs must be performed by functional analysis and/or independent validation experiment.
